Abstract A novel cultivation technique using transwells allowing the growth of bloodstream forms of Trypanosoma brucei for longer periods of time and to higher cell densities is described. Trypanosomes cultured in transwells placed in cups of tissue culture plates containing sixfold excess of medium grew within 4 days to maximum cell densities of 2×10 7 parasites per milliliter. Compared to control cultures, the exponential growth of trypanosomes was 1 day longer and the maximum cell concentration was increased fourfold. The new culture system may be useful in drug screening assays and analysing the T. brucei secretome.
Bloodstream forms of Trypanosoma brucei can be easily grown in axenic culture in vitro in standard media supplemented with a reducing agent, pyruvate and foetal calf serum (Baltz et al. 1985; Duszenko et al. 1985 Duszenko et al. , 1992 Hirumi and Hirumi 1989) . However, the maximum cell density achievable in culture is limited to about 5×10 6 trypanosomes/ml. This growth inhibition is not caused by a limited supply of substrates but by metabolites produced by the trypanosomes which are released into the culture medium where they accumulate and inhibit the proliferation of the parasites (Hesse et al. 1995) . By replacing the culture medium at regular intervals, prolonged logarithmic growth of up to cell densities of 2×10 7 trypanosomes/ml can be achieved (Hesse et al. 1995) . However, regularly replacing the culture medium is laborious and increases the risk of contamination. By using transwells, we developed a simple cultivation method which supports the prolonged growth of bloodstream forms of T. brucei to such high cell concentrations.
Culture-adapted T. brucei bloodstream forms of the clone 427-221a (Hirumi et al. 1980) were maintained in Baltz medium (Baltz et al. 1985) supplemented with 16.7 % heatinactivated foetal bovine serum at 37°C in a humidified atmosphere containing 5 % CO 2 . Trypanosomes were seeded in transwells with a pores size of 0.4 μm at an initial cell density of 1×10 4 /ml in 140 μl of medium. The transwells were placed in 24-well tissue culture plates containing 860 μl of medium. Control cultures were either grown in cups of 96-well tissue culture plates (140 μl with a cell density of 1 × 10 4 trypanosomes/ml to control for volume added to the transwell) or in cups of 24-well tissue culture plates (140 μl with a cell density of 1×10 4 trypanosomes/ml plus 860 μl medium to control for the combined volume of 1 ml of the transwell and the cup of the 24-well plate). In 24-h intervals, live trypanosomes were counted using an improved Neubauer haemocytometer. In order not to affect the growth of the parasites by the resuspension process required for thorough mixing of the cells before counting, a separate culture was set up for each time point.
In order to reach higher cell densities and prolonged growth, we cultured bloodstream forms of T. brucei in transwells which were placed in cups of tissue culture plates containing sixfold excess of medium compared to the amount of medium in the transwells (860 vs. 140 μl). The membrane of the transwell allowed the exchange of molecules but retained the trypanosomes in the transwell. Thus, any inhibitory factor would be continuously diluted by diffusion through the membrane into the medium surrounding the transwell. For the first 2 days of culture, the growth of trypanosomes in transwells was indistinguishable from that of controls grown in cups of 96-well tissue culture plates (Fig. 1) . Under both culture conditions, the parasites reached cell densities of 3× 10 6 /ml with generation doubling times of 5-7 h. The growth of trypanosomes in cups of 24-well tissue culture plates appeared to be somewhat slower (Fig. 1 ) which can be attributed to the fact that the initial cell density of this culture was about sevenfold lower compared to the other two cultures (1.4×10 3 / ml vs. 1×10 4 /ml). In fact, the parasites grew slightly faster and reached a cell density of 1×10 6 /ml after 48 h with a generation doubling time of 4-6 h. The generation doubling times recorded in this study are similar to those previously reported for the exponential growth phase of bloodstream forms of T. brucei when cultured in vitro (Baltz et al. 1985; Hesse et al. 1995) . During further course of cultivation, the parasites density in control cultures increased only marginally to 4-5×10 6 /ml with a generation doubling time of 12-39 h and, thereafter, all cells died rapidly within the next 24-48 h (Fig. 1) . In contrast, parasites maintained in transwells continued to grow for the next 24 h reaching a cell density of 1.3×10 7 /ml on day 3 with a generation doubling time of 11 h (Fig. 1) . Subsequently, the exponential growth came to an end and the parasite density increased only slightly to 2×10 7 /ml with a generation doubling time of 37 h (Fig. 1) . Eventually, the cell concentration started to decrease on day 5 and all parasites were dead by day 9 (Fig. 1) . However, the cells died much slower compared to parasites of the control culture (Fig. 1) .
This study has shown that by culturing bloodstream forms of T. brucei in tranwells placed in cups of tissue culture plates containing sixfold excess of medium, higher cells densities up to 2×10 7 /ml can be obtained within 4 days. This culture method is much easier than the previous reported technique of replacing medium at regular intervals (Hesse et al. 1995) . This novel cultivation technique may be useful for drug screening assays as the effect of compounds on the growth of bloodstream forms trypanosomes can be determined for longer incubation times. In addition, this culture system may be utilised for analysing molecules secreted by trypanosomes as those molecules would diffuse into the transwell surrounding medium and thus would be free of contaminating parasites. Moreover, this system can be easily scaled up by using larger transwells and tissue culture plates to grow large numbers of trypanosomes at higher cell densities. 3 trypanosomes plus 860 μl medium per cup; triangles). At the indicated times, cell densities were determined by counting live trypanosomes. The experiment was repeated three times and representative growth curves are shown
